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Synthesis and Antiviral Activity of Novel 4',5'-Branched Pyrimidine Nucleosides
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Abstract — The synthesis of 4',5-doubly branched carbocyclic nucleosides was accomplished in this study. The selective
methylation in the 5'-position was made by Felkin-Anh controlled Grignard addition. The construction of the required 4'-qua-
ternary carbon was carried out by using a [3,3]-sigmatropic rearrangement. Bis-vinyl 6 was successfully cyclized using a
Grubbs' catalyst II. The natural pyrimidine bases (cytosine, uracil, thymine) were efficiently coupled using a Pd(0) catalyst.
When the synthesized compounds were examined for their activity against several viruses such as the HIV-1, HSV-1, HSV-

2 and HCMYV, the cytosine analogue 13 exhibited weak antiviral activity against the HCMV.
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45-545 7R ARE Feud wadleAlel=e] 34 9 dhjoleis ka3 21

%7} F71Ey 13 02 AdoMet-dependent methylation reac-
tiono] XPFETEY Methyltransferase= mRNAS AJ<A)7]| =)
HIEA] et gho|ty. AFH 0= AdoHey UAME Ao
24] methyltransferase”} A& =0} nlo]2)A~ 2] mRNA A44do]
Zd€rt. AdoHeye B3 9 dhloleiA okgE 7RIt &
3] o]g} 2L #AHE71dH thE 71dE 7 g At =)
combination therapys &3t oFe7)dto] &aslA AP §l
th FhEAPIEE FAH AR EE o9 o] Zu|QlE 28]
A3} oot gulolelA ¢kEE VIR 97} W] 2 ATl
Az 4,58 fixel AE7E Bl 7R AR 7HEAN)1EE
FaHARIEE FAslL o5 Fnlelaix okaE AMst

7 Q9] W2 SasiSiT)

HE oy

Alef & 7171

2 A3 AFEE AjeFE-2 Aldrich sk, Sigma iit, Tokyo
Kasei fil,, @ Fluka itellA FU8k 53 dgAleks ARSI
01 silica gel(230~400 meshy2 MerckA} A& ARSI,
Loll= Faeof ulet GAlsled ARE3IIet. Thin layer chromato-
graphy(tlcy= Kieselgel Fjs,(0.25 mm)E wIE f2jghe 2el o]
2385901 tle spot2 A AW E UVGL-583 Anisaldehyde,
KMnO, #yAekE AFE-3ITH §3 5732 Gallen-Kamp
melting point apparatusE ARESFS] 0™, ofof] thet R AL 3
=] 9k3ktl. NMR spectrai= tetramethylsilane(TMS)S U% %
FEAZ slo] FT-300 MHzE ARESHSICE

3,3-Bis-(t-butyldimethylsiloxymethyl)-pent-4-enoic acid
ethyl ester (2) — Allylic alcohol 1, 15.0 g(43.3 mmol)-& triethyl
orthoacetate 250 mjol] g-3l3tc}, o{7]oll ¥E3- ZwlQl propionic
acid(1.0 miyZ #38kaL 140°CellA 18AI7F wHkste] Foh. Wb
4 F ks A F% 53ty 1 AAHE column
chromatography(EtOAc/hexane=1: 40)2 A#|slo] QU4 3}
A& 21558, 86%)F ¥tk 'H NMR(CDCl, 300 MHz)
d 5.87(dd, 1H, /=18.0, 11.4Hz), 5.09(d, 1H, /=11.1Hz),
4.98(d, 1H, /=19.5 Hz), 4.05(q, 2H, J=7.5 Hz), 3.64(dd, 2H,
J=15.6, 9.0 Hz), 2.40(s, 2H), 1.22(t, 3H, J/=7.5 Hz), 0.85(s,
18H), 0.01(s, 12H); *C NMR(CDCl;, 75 MHz) § 171.92,
139.76, 114.48, 64.67, 59.88, 4598, 36.84, 25.85, 18.25,
14.25, -5.56.

(£)-3,3-Bis(t-butyldimethylsiloxymethyl)-2-methyl-pent-
4-enoic acid ethyl ester (3) — ¥ THF(0 m/)°l LiHMDS
12.7ml(1.0 M solution in THF)E F|3}aL of7]of] £2E4 2
(2.6 g, 6.3 mmolys THF(10 m)oll £3)8te] wh-g-elo]l -78°Co]|

A A3 F7pg 3 4ARE b wakeht) vkl 2R E
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-78°CollA] -20°CE &l 2417 o wykeith, wkg- ool ¥ 3}
ammonium chloride £ %E(10mHE ¥o] WS FH3541
1A

ethylacetate® 2}, §7] 23S brine® E AL, T
MgSO,2 7%, o7}, 7eFeE31e 11 IAFE column chromato-
graphy(EtOAc/hexane=1:50)2 A #|sto] 2 AUAre 3185 3
(2.2g, 80%)2 ARt H NMR(CDCl;, 300 MHz) & 5.79(dd,
1H, /=117, 18.3 Hz), 5.12(d, 1H, /=114 Hz), 4.96(d, 1H,
J=18.3 Hz), 4.06(q, 2H, /=6.9 Hz), 3.71(d, 1H, /=9.6 Hz),
3.65(d, 1H, /=9.6 Hz), 3.56(d, 1H, /=9.6 Hz), 3.49(d, 1H,
J=9.6 Hz), 2.70(q, 1H, J=7.5 Hz), 1.05d, 3H, J=7.5 Hz),
0.83(s, 18H), 0.03(s, 12H); *C NMR(CDCl,, 75 MHz) 3§ 175.43,
142.54, 138.20, 11543, 63.74, 61.71, 59.89, 47.94, 40.76,
25.82, 18.21, 14.27, 12.32, -5.63.

( * )-3,3-Bis(t-butyldimethylsiloxymethyl)-2-methyl-pent-
4-enol (4) - EZE2 3(5.2 g, 12.1 mmol)& F CH,Cl,(150
ml)oll £3l3+1 dibal-H(26.55 ml, 1.0 M solution in hexane)<
0°ColM H33] Frieict. vhgAe 1ARE 51t WRISKL methanol
QOmHE HHS] Frisle] whg FTEIT) A2 287 F
QF wRkek AZE TAE o3 3 vhs of g ZRE FEslo
1 FAME column chromatography(EtOAc/hexane=1: 30)2
AAst] 2 A¥e 32 443g 91%)E BUTh 'H NMR
(CDCl;, 300 MHz) & 5.67(dd, 1H, /=18.3, 11.4 Hz), 5.06(d,
1H, /=114 Hz), 4.86(d, 1H, /=18.3 Hz), 3.61-3.48(m, 6H),
1.80(m, 1H), 0.90(d, 3H, /=72 Hz), 0.82(s, 18H), 0.04(s,
12H); C NMR(CDCl,, 75 MHz) & 140.67, 114.32, 64.44,
64.17, 63.90, 48.14, 38.68, 25.84, 18.23, 12.38, -5.62.

(%)-3,3-Bis(t-butyldimethylsiloxymethyl)-2-methyl-pent-
4-enal (5)-FLE4 4(5.0g, 128 mmol)S F CH,CL,(100
mi)oll £33}, 4A molecular sieve(7.5 )¢} PCC(6.9 g, 32.1
mmol)E #7138t 3 A&ollx] 4AIZE b wRkech wk3-Aef 3
#2] diethyl ether(500 m)E 771t $ AFsHA 2413 ¢ ¢
WRbsHIL A E AHgict RS Y FFHI I IAHE

column chromatography(EtOAc/hexane=1: 30)Z FA|slo 2

OH ref. 9 PO i
O:C ——— }\ —_—
OH PO OH

1,3-Dihydroxyacetone 1 P = TBDMS T
i
HG HaC MG o
PO— . PO i PO
Y, el o T OEt
po—/ \= po—/ \== PO
5 4 3

Reagents: 1) Triethylorthoacetate, propionic acid, 140°C; ii) LIHMDS,
CH,l, THE -78°C; iii) Dibal-H, CH,Cl,, 0°C; iv) PCC, 4A MS,
CH,Cl,, 4h, rt.

Scheme 1 - Synthesis of key intermediate 5.
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gAte] B3 5(4.3g 86%)3 Atk 'H NMR(CDCL, 300
MHz) 6 9.74(s, 1H), 5.82(dd, 1H, /=17.7, 11.1 Hz), 5.14(d,
1H, /=111 Hz), 5.00(d, 1H, J=17.7 Hz), 3.65(d, 2H, /=9.9
Hz), 3.59(d, 2H, /=9.9 Hz), 2.48(q, 1H, /=6.9 Hz), 1.02(d,
3H, /=6.9 Hz), 0.84(s, 18H), 0.02(s, 12H); *C NMR(CDCl,,
75 MHz) & 204.77, 139.27, 115.47, 63.88, 49.54, 47.98,
25.81, 18.23, 17.74, 8.71, -5.69.

(rel)-3R and 3S5,45)-5,5-Bis-(t-butyldimethylsiloxy-
methyl)-4-methyl-hepta-1,6-dien-3-0l (6) - 2HE3 5(5.0
g, 12.9 mmol)& F<+ THF(150 mi)°l| 845132, CH,=CHMgBr
(194 ml, 1.0 M solution in THF)E -78°CellA] #7}3tch w2
oHe 24}7F Hot wukstR, 33+ ammonium chloride £-<8(20
m)E F7lele] WS- FATT) Ad2ollA 241 <t o akk
3 3 ethyl acetate® FZ3Itt, 7140152 brine 2 A2
%, 79 MgSO&E 7Bx, A7, 1At 5F3lo] 1 FR1= column
chromatography(EtOAc/hexane=1:30)2 g A|ste] 2 dAt2]
5135 6(4.6g, 85%)F ¥tk 'H NMR(CDCl;, 300 MHz)
8 5.73-5.63(m, 2H), 5.21-4.84(m, 4H), 3.69-3.48(m, 5H), 1.77
(m, 1H), 0.82-0.78(m, 21H), 0.02(s, s, 12H); *C NMR(CDCl,,
75 MHz) & 141.82, 14096, 113.97, 113.68, 69.96, 64.51,
63.86, 48.67, 41.86, 25.85, 18.29, 6.94, -5.62.

(rel)-(1R,5S5)-4,4'-Bis-(t-butyldimethylsilyloxymethyl)-5-
methyl-cyclopent-2-enol (7) and (rel)-(1S,5S5)-4,4'-Bis-(t-
butyldimethylsilyl oxymethyl)-5-methyl-cyclopent-2-enol
8) - E3E 6(3.2 g 7.7mmolyZ T4 benzene(20 mi)°l] €31
&}1L o}7)efl Grubbs' catalyst IK50 mg, 0.06 mmol)-2 0°CoiiA]
F71eliet. g Al BF et & 8uiE 7t w53t
S} 7 ZA}E column chromatography(EtOAc/hexane=1 : 5)
2 AAsko] 54 cyclopentenol =4l 7(2.1g, 72%)3 8
(208 mg, 7%)S 27t Aich. 358 7: 'H NMR(CDCl,, 300
MHz) & 5.80(dd, 1H, /=5.4, 1.8 Hz), 5.58(d, 1H, /=6.0 Hz),
4.26(m, 1H), 3.57-3.43(m, 4H), 1.75(m, 1H), 1.05(d, 3H, /=
7.5 Hz), 0.84(s, 9H), 0.82(s, 9H), 0.03(s, 6H), 0.01(s, 6H);
BC NMR(CDCl,, 75 MHz) & 136.19, 134.67, 84.37, 67.51,
63.78, 57.04, 47.95, 25.81, 18.41, 18.13, 13.16, -5.60; 3} &
8: 'H NMR(CDCl,, 300 MHz) & 6.04(dd, 1H, /=5.4, 2.1 Hz),
5.73(d, 1H, /=6.0 Hz), 4.29-4.22(m, 1H), 3.61(d, 1H, /=99
Hz), 3.50(d, 2H, /=102 Hz), 3.36(d, 1H, /=9.6 Hz), 1.80(m,
1H), 1.01(d, 3H, /=75 Hz, 3H), 0.86(s, 18H), 0.03 (s, 12H);
3C NMR(CDCl,, 75MHz) d 137.39, 13532, 77.24, 67.94,
63.05, 57.14, 42.70, 25.95, 25.80, 18.51, 18.17, 940, -5.57.

(rel)-(1R,5'S)-1-Ethoxycarbonyloxy-4,4'-(t-butyldimethyl-
silyloxymethyl)-5-methyl-cyclopent-2-ene (9) - 3}3& 7
2.0g, 52 mmol)2 55 pyridine10 m)°ll a3tz o}7}0

0°Cell 4] ethyl chloroformate(0.8 m/, 5.6 mmol)¥} dimethyl
aminopyridine(55 mg, 0.4 mmolyS #7315t} Hhgeld Akl
24 HoFgqt ket ¥ 3} NaHCO4 41 mhE H7]5le] vt
$-5 EA3Yr} vRETAS toluened} E351o] 7IQt w5%
%, EtOAcs}t E2 FZ33ith f7] £S5 brine® & A3,
- MgSO, 2 A%, o3, A 5383 th ZAME column
chromatography(EtOAc/hexane=1: 25)% JA[slo] 34ke] 3kt
2 9(2.1g, 88%)2 ¥t} 'H NMR(CDCI,;, 300 MHz) & 5.87
(dd, 1H, /=5.7, 1.5 Hz), 5.80(dd, 1H, /=6.0, 1.2 Hz), 531
(dt, 1H, J=6.9, 1.5 Hz), 4.18(q, 2H, /=6.9 Hz), 3.62-3.43(m,
4H), 2.04(m, 1H), 1.30(t, 3H, /=6.9 Hz), 1.15(d, 3H, /=75
Hz), 0.88(s, 18H), 0.02(s, 12H); *C NMR(CDCl,, 75 MHz)
8 155.26, 139.25, 130.55, 90.07, 67.07, 63.70, 63.30, 56.90,
44.48, 25.88, 25.83, 18.25, 18.16, 14.29, 12.42, -5.59.
(rel)-(1R,5'S)-1-[4,4'-Bis-(t-butyldimethylsilyloxymethy1)-
5-methyl-cyclopent-2-en-1-yl] cytosine (10) —NaH(26.6 mg,
1.11 mmol)2 < DMSO(6.0 m)ol] &al3t1, o17]o] adenine
(123 mg, 1.11 mmol)& 718t § 50~55°CollA] 305 F<t wit
sl A2 o® 2%E Utk ¢kA, K= THFG mipll Pdy(dba),-
CHCl3(14 mg, 7.5 umoly= £33t P(O-i-Pr)y (0.28 mi, 0.7
mmol)& 713k 308 F<F oA wulet §olg £19] adenine
o] EQE Aol 3] Frict. o] Whg- £l 7
4 THF@ mly] &3e 2354 9(481 mg, 1.05 mmol)S M
3 7K F, WS 60°CoI HokEl mustict. W
A7) 2k Fol EUmhE 7Hie] WS SRS
548 methylene chloride$} E2 &3 &0 f7]81 55
¢ MgSO,E AZ, o3, 2t F3s3ith. AR column
chromatography(MeOH/CH,Cl,=1: 10)Z “gA|5te] Wl 3124
o] 3}EE 100146 mg, 29%)= ABATE mp 170~172°C; UV
(MeOH) A, 271.0 nm; 'H NMR(CDCl;, 300 MHz) § 7.70
(d, 1H, /=72 Hz), 5.70(d, 1H, j=5.2 Hz), 5.61(d, 1H, J=
7.2 Hz), 3.65-3.52(m, 4H), 2.21(m, 1H), 1.09(d, 3H, /=7.0
Hz), 0.84(s, 18H), 0.03(s, 12H); *C NMR(CDCl;, 75 MHz)
8 165.40, 156.21, 14534, 142.09, 137.81, 132.50, 84.12,
68.21, 64.55, 58.34, 48.78, 25.42, 18.12, 13.09, -5.51.
(rel)-(1'R,5'S)-1-[4,4-Bis-(t-butyldimethylsilyloxymethyl)-
5-methyl-cyclopent-2-en-1-yl] uracil (11) - 3&& 109}
A up o2 119 SEES ¥4 39T Yield 22%; mp
168~170°C; UV(MeOH) A, 261.0 nm; 'H NMR(CDCI,,
300 MHz) & 7.51(d, 1H, /=7.4 Hz), 5.72(dd, 1H, /=5.4, 1.8
Hz), 5.58(d, 1H, /=6.0 Hz), 5.51(d, 1H, /=7.4 Hz), 4.30(m,
1H), 3.52-3.45(m, 4H), 1.83(m, 1H), 1.05(d, 3H, /=75 Hz),
0.84(s, 18H), 0.04(s, 12H); *C NMR(CDCl,, 75 MHz) & 165.10,
152.33, 142.92, 137.21, 134.87, 101.05, 85.45, 67.61, 63.88,

o % o
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57.24, 48.32, 25.81, 18.42, 18.02, 13.28, -5.55.
(rel)-(1'R,5'S)-1-[4,4-Bis-(t-butyldimethylsilyloxymethyl)-
5-methyl-cyclopent-2-en-1-yl] thymine (12)- 3}&& 10}
AR o g 129 B3tES ¥4 STt Yield 26%; mp
164~167°C; UV(MeOH) A, 266.5 nm; 'H NMR(CDCI,
300 MHz) & 7.30(s, 1H), 5.74(d, 1H, /=6.8 Hz), 5.61(d, 1H,
J=6.2 Hz), 4.26(m, 1H), 3.78-3.61(m, 4H), 1.77-1.75(m, 4H),
1.11(d, 3H, /=7.6 Hz), 0.86(s, 9H), 0.82(s, 9H), 0.04(s, 6H),
0.02(s, 6H); C NMR(CDCl,, 75 MHz) & 164.93, 151.56,
137.71, 136.19, 134.67, 107.87, 84.37, 67.51, 63.78, 57.04,
4795, 25.84, 18.43, 18.23, 13.23, 11.73, -5.55.
(rel)-(1'R,5'S)-1-[4,4'-Bis-(hydroxymethyl)-5-methyl-
cyclopent-2-en-1-yl] cytosine (13) - 3}2M% 10(100 mg, 0.21
mmol)& 4 THF reagent(TBAF) (5 m)ell £33t AF&ol
A1 6A17E B9t RIS RhE NS Y 5 Foll TARE
column chromatography(MeOH/CH,Cl,=1: 5% “gA|ls}e] uiay
JAVEe SEE 1338 mg, 72%)S LUt mp 170~172% UV
(H,0) Ay 2710 nm; 'H NMR(DMSO-d;, 300 MHz) & 7.74
(d, 18, j=7.2 Hz), 7.20(br d, D,0 exchangeable, -NH,), 5.78
(d, 1H, J=5.6 Hz), 559(d, 1H, J/=7.2 Hz), 5.29-5.20(br d,
D,O exchangeable, 2>XOH), 3.66-3.55(m, 4H), 2.23(m, 1H),
1.08(d, 3H, J=7.2 Hz); *C NMR(DMSO-d;, 75 MHz) § 165.56,
156.31, 145.90, 142.11, 138.02, 131.56, 84.21, 68.01, 64.82,
58.34, 49.92, 13.19.
(rel)-(1'R,5'S)-1-[4,4'-Bis-(hydroxymethyl)-5-methyi-
cyclopent-2-en-1-ylluracil (14) — 3}3-& 139} FARE 90
2 149 3FEL T4 U Yield 70%; mp 170~173°C;
UVH,0) A, 2620 nm; 'H NMR(DMSO-d; 300MHz)
& 11.34(br s, D,O exchangeable, NH), 7.49(d, 1H, /=72
Hz), 5.70(d, 1H, /=5.8, Hz), 5.58(dd, 1H, /=6.0, 1.8 Hz),
556(d, 1H, /=72 Hz), 527(br s, D,0 exchangeable, OH),
521(br s, D,0O exchangeable, OH), 4.30(m, 1H), 3.52-3.45
(m, 4H), 1.83(m, 1H), 1.8(d, 3H, /=7.6 Hz); *C NMRDMSO-
dg, 75 MHz) & 165.14, 152.81, 143.02, 137.21, 134.87, 102.11,
85.45, 67.45, 63.80, 57.25, 48.24, 13.21.
(rel)-(1'R,5'S)-1-[4,4'-Bis-(hydroxymethyl)-5-methyi-
cyclopent-2-en-1-yl] thymine (15) — 3}8M5 139} AR W
Hoe 154 RS A Sk, Yield 71%; mp 170~172°C;
UV(H,;0) A, 2660 nm; 'H NMR(DMSO-d,, 300 MHz)
d 11.34(br s, D20 exchangeable, NH) 7.31(s, 1H), 5.75(d,
1H, j=7.0 Hz), 5.65(d, 1H, /=64 Hz), 5.30-5.25(br, d, D,O
exchangeable, 2X OH), 4.26(m, 1H), 3.82-3.75(m, 4H), 1.77(s,
3H), 1.72-1.67(m, 1H), 1.06(d, 3H, /=7.6 Hz); *C NMR
(DMSO-dg, 75 MHz) d 164.97, 151.62, 137.78, 136.20, 134.34,
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HaC HiC  on HC x
o - TXC- U
N —
po—/\— o po—/ \== pO—° ¥
5 P = TBDMS 6 T:X=0H,Y = H(72%)
8: X=H,Y=0H (7%)
liii
H;C HaC ; HyC
HO i v PO—y 5 iv PO— ig OCO.EL
s \‘;. .g " ‘:‘ !
HO— PO— =4 PO~ =/,
13: B = cytosine 10: B = cytosine 9
14: B = uracil 11: B = vracil
15: B = thymine 12: B = thymine

Reagents: i) CH,=CHMgBr, THE, -78°C; ii) Grubbs' catalyst II,
benzene, reflux, overnight; iii) CICO,Et, DMAP pyridine, rt,
overnight; iv) Bases (cytosine, uracil, thymine), Pd,(dba),- CHCl;,
P(O-i-Pr);, NaH, THF/DMSO, reflux, overnight; v) TBAE, THE rt.

Scheme 2 — Synthesis of target nucleosides.

107.72, 84.32, 67.61, 62.12, 58.78, 48.07, 13.28, 11.22.
AEEY % aF

FAR= FAHARIEE Y] A8 AR ¢
219 o B-unsaturated ester 53] 15 S4EA 7 st
[3,3]-sigmatropic rearrangementZ F38alo] 2 IS 86%
782 338t ¢7]el methylation(LIHMDS, CH,D31d o-
A methyZ1 & 71 3HEE 35 80% FEE A
Ester 313= 32 27| 2|4 aldehyde 3138 53 @/4d3t7] 9
3o} thekst oA SANkS FARRAN STt &
2 4& F glo] 3BPIE sI8ith. 31ghE 30 2-equivalent®]
dibal-HE # 235} alcohol 4% $4d3}a1 A|l&3l0] PCCE A&l
319] aldehyde 5% 78% TE(two steps)® 24313t} &
50 CH,=CHMgBrE ©]4-3+ Grignard &g $33}0 H-4<]
Aol A A ZA bis-olefin F54 6& 85%Y T F&E T4
g = QUSIT. o] Wb dAlelA Aol AAE EelskA il
Grubbs' catalyst [IE- |2]a}e] 79} 8% 242} 72%%} 7% &7
$d819] o 0152 A silica gel column chromatography®
F=H3itt o)F SRHE g =27 A% Felkin-Anh
modelol] ZAE & Grignard F7HEo4 AW = ATh(Fig.
2). 3FEE 77} 89) AtiE ATZE NOEE ol-4ste] 44
4T 5 U3ATh Trans FAR 89 2 cis FAI] 74 33
£9] H-13% CHj-50l 4= A8 o2 & NOE(1.8%)7} &
3t} o5 SE FellA 7rlo] BAEe waEl Al =gl
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Fig. 2 — Addition of nucleophile to aldehyde 5 using Felkin-Anh rule.
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